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Background: In the Mediterranean sea, about 150 species of invasive macroalgae are recorded until now these
alien species have produced serious effect due to their capability to modify the physical and chemical property of
the invaded habitats and to compete with native assemblages so as threatening the biodiversity and the ecosystem
functioning.
Results: Based on morphological characters, the invasive green alga Caulerpa taxifolia var. distichophylla, has been
recognised for the first time in the Strait of Messina area, off the northeastern coast of Sicily (Tyrrhenian Sea, western
Mediterranean). This record confirms the rapid spread of this taxon from the Levantine area towards the western
basins, and suggests a human-mediated dispersion. The new invader occurs in different habitats than C. taxifolia (Vahl)
C. Agardh, and the respective habitats do not overlap in the Strait of Messina. A previously undescribed association of
this species with tropical–subtropical phanerogams and green algae, is a further example of the global change-mediated
reorganisation of Mediterranean benthic assemblages.
Conclusions: This record expands the known distribution range of this invasive green algae in Mediterranean Sea.
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The spread of green algae belonging to the genus
Caulerpa in the Mediterranean is considered one of the
most important examples of biological invasion in recent
years (Verlaque et al., 2004; Piazzi et al., 2005). In par-
ticular, Caulerpa taxifolia (Vahl) C. Agardh, which is not
invasive in tropical regions, is known in the Mediterranean
as an invasive lineage, the so called “aquarium strain”,
which spreads on a variety of substrata and forms dense
beds (Meinesz et al. 1993) that represent a threat to
benthic assemblages (Villele & Verlaque, 1995; Ceccherelli
& Cinelli, 1997; Piazzi et al., 2001). Since the first
Mediterranean report in 1984, C. taxifolia has rapidly
colonised very large areas of the Ligurian and Tyrrhenian
Seas (Meinesz et al., 2001) and has developed a major
centre of diffusion in the Strait of Messina (Orestano et al.
2001). Since 2006, a small feather-like Caulerpa species* Correspondence: mariagrazia.picciotto@hotmail.com
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(http://creativecommons.org/publicdomain/zehas been reported from southeastern Turkey (Cevik et al.,
2007), followed by in southeastern Sicily (Jongma et al.,
2013), Cyprus (Cicek 2013), southwestern and northwest-
ern Sicily (Musco et al., 2014) and Malta (Schembri et al.,
2015). This species is more slender and smaller than C.
taxifolia and is also genetically distinct (Cevik et al., 2007;
Jongma et al., 2013). Morphologically, it agrees with C.
distichophylla Sonder, a species that originates from
Southwest Australia but genetic data do not show strong
differences between C. taxifolia and C. distichophylla such
that the latter is at present considered a variety of the
former, so that the taxon Caulerpa taxifolia var. disticho-
phylla (Sonder) Verlaque, Huisman & Procaccini has been
proposed (Jongma et al., 2013). Although the taxonomic
identity of Caulerpa taxifolia var. distichophylla is still un-
certain, it is easily distinguishable morphologically from C.
taxifolia, and a screening of their distribution might be
useful to differentiate between their respective ecologies
and potential invasiveness in the context of the changing
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distichophylla from the northern borders of the Messina
Strait, a crucial area in the spread of introduced species,
since it directly connects the western and eastern basins.
The aims of this study were to delineate the local dis-
tribution of C. taxifolia var. distichophylla and to pro-
vide preliminary data on its density and biomass from
the newly invaded area.
Materials and methods
The Strait of Messina area is characterised by a tidal-
induced upwelling that determines a higher primary pro-
duction compared to the adjacent Ionian and Tyrrhenian
basins (Azzaro et al., 2007). The Strait is subject to ir-
regular solid load inputs that are rapidly dispersed by
currents. The sampled area is located in the northern
part of the Strait, around Capo Rasocolmo, which is
considered to be the northwestern border of the Strait.
The coastline has a northwestern exposure, which deter-
mines an eastwards-oriented coastal current with marked
coastal erosion and related degradation of the Posidonia
oceanica L. Delile meadows (Giacobbe et al., 2001). The
benthic communities of north-eastern Sicily have been
investigated within the framework of the 2008/2009
University Programme, PRA, “Settlement dynamics and
colonization of allochthonous assemblages in the Capo
Peloro Lagoon”. Field observations were carried out in
summer 2013 by SCUBA divers both along the Sicilian
and Calabrian coasts of the Messina Strait and in the Capo
Peloro transitional waters. Further observations were car-
ried out along the Tyrrhenian coasts between Capo Peloro
and Capo Milazzo, and on the Ionian coast between
Messina and Taormina. Caulerpa taxifolia var. disticho-
phylla (Fig. 1) was recorded for the first time in Capo
Rasocolmo in 2010 (Fig. 2), whereas its local distribution
was mapped in 2013.Fig. 1 In situ photograph of Caulerpa taxifolia var. distichophylla in
the newly invaded area (AC site, October 2013)In October 2013, four sampling sites were selected in
the invaded area, which were not regularly spaced, be-
cause each sampling site had a different substratum. The
distance between the San Saba (SS) and Acqualadrone
(AC) sites is about 2.8 km and between the site Acquala-
drone (AC) and Tono (TO) about 1.4 km (see Fig. 2). At
each site, two stations spaced about 50 m apart were
fixed at a depth of 3–6 m, corresponding to the bathy-
metric range covered by the alga. A further station was
sampled at Tono (Tono B), due to the presence of a
small Halophila stipulacea (Forsskål) Ascherson bed. In
each station, three 20 × 20 cm random replicates were
collected to evaluate biomass (fresh weight, including
rhizoids), the percentage cover was visually estimated
by using a frame with twenty-five 4 × 4 subquadrats
(Mangialajo et al., 2008) (three replicates).
Specimens of Caulerpa for morphological observation
were hand-collected from each substatum type. Collec-
tions were examined while fresh, and were then pre-
served in 4 % formaldehyde-buffered seawater. Samples
were deposited at the laboratory of Benthos Ecology, De-
partment of Biological and Environmental Sciences,
Messina University, Italy.
Results and discussion
The collected thalli at all the above-mentioned sites had
green, erect fronds, branched once or twice, 3–4 cm
high and 2–4 mm broad; rachis, broad 0.5–1.0 mm, cy-
lindrical to the base and compressed towards the apex,
showing oppositely arranged closely adjacent distichous
pinnules, seldom tristichous; pinnules,1–2 mm long and
0.2–0.4 mm broad, slightly compressed and curved at
the tip; slender creeping stolons were 0.5–1.0 mm in
diameter; frequent and short rhizoidal pillars about 3 mm
long were also observed.
Specimens from this area corresponded well to the
Caulerpa strain previously reported as C. taxifolia from
Turkey (Cevik et al., 2007) and C. taxifolia var. disticho-
phylla collected from Southern Sicily (Italy) (Jongma
et al., 2013).
The new feather-like Caulerpa population (Fig. 1) cov-
ered a surface area of almost 0.6 km2. In the western-
most stations (S. Saba), boulders covered by a deposit of
fine sands were colonised, whereas in the easternmost
Tono, the amount of fine deposit was negligible. Both
living (Acqualadrone) and dead (Tono B), Posidonia
oceanica matte were also colonized, the latter in associ-
ation with Halophila stipulacea. At both colonized sites,
a moderate deposit of fine sand was observed. The west-
ern border of the Caulerpa formation is sharp, due to an
abrupt transition towards a wave-exposed sandy barren
area, whereas an irregular transition is observed east-
wards. The percentage cover and biomass of C. taxifolia
var. distichophylla were homogeneously distributed within
Fig. 2 Caulerpa taxifolia var. distichophylla in Sicily: the areas where the species is known to currently occur are indicated by triangles. An arrow
indicates the current record. In the study area, dots represent sampling sites: San Saba (SS), Acqualadrone (AC) and Tono (TO). The asterisks
delimit the invaded area
Picciotto et al. Marine Biodiversity Records  (2016) 9:73 Page 3 of 5each site. The percentage cover (Fig. 3) decreased from
26 % at San Saba to less than 8 % at Tono B (Fig. 3), along
to a W–E gradient that was more marked between
Aqualadrone and Tono.
The biomass (Fig. 4) followed the same trend as the
density, decreasing from S. Saba (69.04 gm−2 ± 2.55 SE)Fig. 3 Percentage cover (20 × 20 cm sampling surface) of Caulerpa taxifolia
October 2013 (Six samples for each site. Twenty-four samples in total)to Tono B (17.91 gm−2 ± 1.37 SE), but showed the high-
est discontinuity between S. Saba and Acqualadrone
(Fig. 4). This gradient, which does not seem related to
depth, type or exposure of substratum, follows the
prevalent eastwards coastal current, suggesting the asso-
ciated fine sand deposits might favour the settlement ofvar. distichophylla in the different sampling sites (error bars = SE) in
Fig. 4 Biomass (20 × 20 sampling surface) of Caulerpa taxifolia var. distichophylla in the different sampling sites (error bars SE) in October 2013
(Six samples for each site. Twenty-four samples in total)
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the central area of the Messina Strait (Orestano et al.
2001), where fine sedimentation is lacking. Despite the
similar morphology, the two taxa are thus ecologically
separated and well distinguished.
Ballast water unloading, ship traffic, aquarium trade
and anchoring have been suggested as the main vectors
of diffusion of C. taxifolia var. distichophylla in the
Mediterranea Sea (Jongma et al., 2013; Musco et al.,
2014). The current record, which is characterised by a
marked discontinuity with respect to the recent report
from northwestern Sicily (Musco et al., 2014), as well as
from the earlier records from the Strait of Sicily (Jongma
et al., 2013), is consistent with a human-mediated dis-
persal. In this respect, shipping traffic through the Strait
of Messina might represent the main vector for theFig. 5 Association between C. taxifolia var. distichophylla, Halophila
stipulacea and Penicillus capitatus. (Tono B site, October 2013)northwards spread of the species. In the newly invaded
area, which is a popular destination for tourists but lacks
commercial shipping and fishing activities, only the an-
choring of touristic vessels can be considered a probable
vector of introduction.
In the Tono B site, the alga grows in association with
the Lessepsian phanerogam Halophila stipulacea and the
native tropical–subtropical green alga Penicillus capitatus
Lamarck (Fig. 5). This pattern, which is new for the
Mediterranean, reproduces a warm-water association
described by Sangil et al. (2010) in the Canary Islands,
suggesting a global change-mediated reorganisation of
Mediterranean benthic assemblages. This association has
not been described in the literature for C. taxifolia var.
distichophylla, and involves the co-occurrence of alien
and native species, whose dynamics and relationships will
be the subject of further notes.Acknowledgements
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